ABSTRACT . Six new species of Phacelia Jussieu are described from Arizona and New Mexico, U.S.A., as P. buell-vivariensis N. D. Atwood, P. cloudcroftensis N. D. Atwood, P. furnissii N. D. Atwood, P. higginsii N. D. Atwood, P. hughesii N. D. Atwood, and P. pinkavae N. D. Atwood. The new species all belong to the Crenulatae group within the genus. The new species are compared to other members of the group based on similarities and differences in stature, seed, pubescence, and leaf and flower morphology.
In an earlier publication, in which I described Phacelia sivinskii N. D. Atwood, P. J. Knight & Lowry (Atwood, 2005) , I inadvertently failed to acknowledge for whom the species was being named. It was named in honor of Robert Sivinski, State Botanist for the Forestry Division of the New Mexico Department of Energy, Minerals, and Natural Resources Management. Bob has made, and continues to make, significant contributions to the knowledge of the flora of New Mexico. Bob has graciously provided help on several of my botanical trips to New Mexico, which I greatly appreciate.
KEY TO capsule, brown, 3.6-3.9(4. 3) 6
(1.2)1.6-1.7 mm; robust annuals, stems to 2 cm thick; cauline leaves rarely divided to the midrib; plants from the Sacramento Mountains, Otero Co., New Mexico . . . . . . . P. cloudcroftensis N. D. Atwood 2b. Stamens and style exserted 2 mm or more; mature seeds 4 per capsule; stems to 1 cm thick and not with the above combination of characters . . . . . . . . 3 3a. Cauline and basal leaves strongly dissected, subbipinnatifid; corolla 3-4(5) mm long, white to lavender, broadly tubular-campanulate; lobes broadly rounded, erose-fimbriate or erose-dentate;
seeds (2) Phaceliae serratae J. W. Voss pubescentia caulina pallida vel atrorubrescenti stipitato-glandulari similis, sed caulibus rubris retrorse pubescentibus trichomatibus flavescentibus stipitato-glandularibus (non setosis vel hirsutis) sepalis aliquantum brevioribus et angustioribus, 2.2-2.5 6 1-1.1 mm (non 1.8-3 6 0.8-2 mm) et seminibus minoribus et minus corrugatis, 2.5-2.6 6 1 mm (non 3-3.2 6 1-
Annual, 2.9-4 dm tall; stems reddish, solitary or with 1 to 4 smaller stems from the base, densely retrosely white puberulent and glandular, the glands light reddish to yellow, sessile to short-stipitate, the stalks flat, 1-to 3-celled. Leaves petiolate, petiole 1-3 mm, the basal ones to 1 cm; blades linear to oblonglanceolate, pinnatilobate or irregularly lobed, 1-8 6 0.2-1.5 cm, the margins sometimes involute, reduced upward, some basal leaves pinnately compound, dorsal surface scabrous-hispid and stipitateglandular, ventral surface also densely stipitateglandular. Inflorescence terminal on the short lateral branches and main stem, puberulent and with coarser, New Species of Phacelia (Hydrophyllaceae) more densely yellowish stipitate glands than the stem; cymes 1-to 15-flowered, 1.1-3 cm; sepals in flower elliptic 2.2-2.5 6 1-1.1 mm, in fruit 3.5-4 6
1.3-2 mm, densely short stipitate-glandular; corolla tubular to tubular-campanulate, 4 mm, violet or blue, pubescent on the lobes; stamens and style exserted 2-4 mm, anthers bronze, filaments violet. Capsules oblong, 2.8-3.5 6 2 mm, shorter to 6 equal to the sepals, finely stipitate-glandular and puberulent; mature seeds 2.5-2.6 6 1 mm, oblong to narrowly lanceolate, brown, excavated on both sides of the ventral ridge, one side of the ventral ridge very lightly corrugated, the margins entire, dorsal surface finely pitted.
Etymology. Phacelia buell-vivariensis is named for Buell Park, the type locality.
Relationships. The new species is related to Phacelia serrata but differs in having red stems with retrorse puberulent hairs and short yellowish stipitate glandular hairs but without setose to hirsute hairs; P. buell-vivariensis resembles P. serrata in having light to reddish black stipitate glandular pubescence on the stems. Phacelia buell-vivariensis also has somewhat different sepals (2.2-2.5 6 1-1.1 mm vs. 1.8-3 6 0.8-2 mm) and smaller, nearly noncorrugated seeds (2.5-2.6 6 1 mm vs. 3-3.2 6 1-1.3 mm). One side of the ridge is somewhat wavy with no distinct corrugations on the margins and ridge as in P. serrata.
Distribution and habitat. It is known only from the type locality in Buell Park, Apache Co., Arizona, on volcanic pumice in a Juniperus monosperma (Engelmann) Sargent, Pinus ponderosa Douglas ex C. Lawson & G. Lawson, Bouteloua gracilis (Kunth) Lagasca ex Griffiths, and Artemisia campestris L. community at 7191 ft. elevation.
Conservation status. The Nature Conservancy global and state rarity ranking for this species should be G1S1, based on the single known occurrence. Phaceliae denticulatae Osterhout habitu similis, sed caulibus robustioribus elatioribus, cymis virgatis sub fructescentia longioribus, staminibus et stylis exsertis, sepalis longioribus et latioribus, 1.5-2.5 mm latis (non 0.8-0.9 mm latis) et seminibus majoribus et latioribus, uniformiter lacunosis, crista ventrali magis corrugatis differt.
Plants to 4.7 dm tall; stems densely covered with short retrorse appressed to spreading simple hirsute hairs, short to long, dark red to black, 1-to severalcelled capitate-glandular hairs. Cauline leaves broadly lanceolate, 3.8-10 6 1.4-4.6(5.5) cm, irregularly crenate-dentate or lobed, densely pubescent with dark stipitate to sessile glands and hirsute hairs especially on the veins and leaf margins, the lower and basal leaves deeply lobed to pinnatifid. Inflorescence in terminal cymes on the main stem and lateral branches, densely glandular and hirsute, cymes 2 or 3 on lateral branches, more crowded and dense on the upper main stem, cymes elongating to 8.5-15 cm in fruit; corolla tubular, ca. 4-4.5 mm, lobes crenate to erose-denticulate, 1 mm; stamens and style exserted 1-1.7 mm, style bifid 3/4 its length, hispidulous from the base to above the forks; calyx divided to within 1 mm of the base, lobes densely glandular and hirsute, unequal, linear to oblanceolate, 2.5-3.5 mm in flower, to 5 mm in fruit, 1.5-2.5 mm wide in fruit, longer than the capsule, the midnerve keeled. Capsule oblong, 4.5-5 mm, densely short-glandular and setulose; seeds 3, dark brown, 3.6-3.9(4.3) 6
(1.2)1.6-1.7 mm, shallowly excavated from the upturned margins, uniformly pitted, ridge usually corrugated on one side.
Etymology. Phacelia cloudcroftensis is named for the town of Cloudcroft in the Sacramento Mountains.
Relationships. Phacelia cloudcroftensis is most closely related to P. denticulata in general habit, seed characters, and the somewhat virgate thinner (to 1 cm thick), usually weaker stems. However, P. cloudcroftensis is much more robust with stronger stems to 2 cm thick, longer fruiting cymes to 15 cm in fruit (vs. to 10 cm), the ventral ridge of the seeds more corrugated, and broader fruiting sepals (1.5-2.5 mm wide vs. 0.8-0.9 mm wide). The new species has exserted stamens and style versus the included stamens and style of P. denticulata. The new species also has some relationship to P. alba in having exserted stamens and style and erose to erosedenticulate corolla lobes versus denticulate corolla lobes, but differs in having larger seeds (3.6-4.3 6 1.2-1.7 mm vs. 4 6 1.7 mm) and more virgate and thicker stems to 2 cm thick (vs. stems # 1 cm thick). It differs from both of these species in the very broad, irregularly crenate to dentate, broadly lanceolate simple cauline leaves versus smaller, more delicate, pinnately to bipinnately divided mid to upper cauline leaves.
Distribution, habitat, and phenology. The first and only collection known of Phacelia cloudcroftensis, with the exception of the type material, was made by Helen Bobisud in the 1960s. The Bobisud collection was part of material borrowed from herbaria in the southwestern United States to gain a better understanding of P. integrifolia and related taxa. The specimen had been identified as P. integrifolia, a name that has been loosely used incorrectly for numerous collections. The new species is presently known only from 3 to 3.5 miles west of Cloudcroft, Tall robust annual or possible winter annual, producing basal leaf rosettes in the late summer or fall after the first rains; stems solitary or few branches from the base, more often with numerous lateral branches to 2.8 dm, leafy flowering branches to just below the terminal part of the main stem inflorescence, 3.2-8 dm tall, densely glandular with short to long 1-celled or multicellular reddish to black stipitate glands. Basal rosette of leaves deeply sinuate to pinnatifid, oblong, persisting into the fruiting stage, densely covered with stipitate-glandular hairs as on the stem, ventral surface also with pustulate setose to hispid pubescence, less so on the dorsal surface, 4-11 6 1.5-2.5 cm, petiolate, petiole to 4 cm; cauline leaves to ca. the middle of the stem and mostly lacking in the inflorescence, crenate to irregularly lobed mostly less than 1/2 the way to midrib, broadly lanceolate, densely stipitate-glandular. Inflorescence densely flowered, of lateral and terminal cymes, cymes terminating lateral branches solitary or in pairs, the terminal cyme group of the main stem 8-20 cm long, each cyme mostly single and alternate, not paired, individual cymes 1-4 cm in flower, elongating to 8 cm in fruit, densely stipitateglandular; flowers campanulate, 6-6.5 mm, pale violet with darker maroon veins on the tube and lobes, pedicellate, pedicel 0.5 mm in flower, lobes ca. 2 mm broad and often puberulent and glandularstipitate; calyx lobes narrowly obovate to spatulate, 2.5-2.8 6 0.5-0.8 mm, with black stipitate-glandular and hirsute hairs in flower, 5-6 mm in fruit, the midrib raised; fruiting pedicels ca. 1 mm; stamens and style exserted 4-5.5 mm, style forked to ca. the middle and pubescent to the forks, filaments violet, anthers bronze. Capsules 3.4-3.5 6 2.5 mm, oblong, glandular dotted and appressed setulose; seeds brown, oblong, flattish ventrally on each side of the prominent ridge and essentially lacking the typical excavations on either side of the ridge, coarsely pitted on each side of the ridge, pitting on the ridge smaller, dorsal surface slightly rounded, pitted, faintly cross-corrugated, 3-3.4 6 1.2-1.4 mm.
Etymology. Phacelia furnissii is named for Blaine Furniss of Brigham Young University, who has provided valuable assistance on numerous field trips, including collection of several of the paratypes.
Relationships. Phacelia furnissii is allied to P. petrosa but differs from that species in the often more virgate, robust, and taller stems (3.2-8 dm vs. 1-3.6 dm), larger pale violet flowers with dark maroon veins on tube and lobes (vs. blue corolla with a lighter tube and base), smaller capsules (3.4-3.5 6 2.5 mm vs. 4-4.3 6 3-3.3 mm) and different seed (oblong flattish, corrugated and pitted ventrally from the edge to the ridge on each side, the ridge low and essentially lacking the typical excavations on either side, dorsal surface slightly rounded, faintly cross-corrugated, 3-3.4 6 1.2-1.4 mm vs. seeds deeply excavated with longer and narrower pitting, corrugations only on one side of the prominent ridge and margins, 3.3-3.8 6 1.5-3.1 mm), and leaf morphology.
Distribution, habitat, and phenology. At the type locality in Andrus Canyon, Phacelia furnissii occupies habitat in association with six other species of Phacelia-P. petrosa, P. pedicellata A. Gray, P. ambigua M. E. Jones, P. glechomaefolia A. Gray, P. coerulea Greene, and P. rotundifolia Torrey ex S. Watson. Each species is easily distinguished from each other with no apparent hybrids. Of the species present, it appears to be most closely related to P. petrosa. At the other known sites, it is the primary species in the habitat where it has been collected (i.e., Hack, Whitmore, and Parashant canyons of northwestern Mohave County, Arizona. It flowers in April and May, and apparently has a longer period for development of mature seeds, into September or early October. It is easily distinguished, Perennial or more commonly biennial plants with 1 or sometimes 2 virgate stems (3.5)5.3-9.8 dm tall, leafy with few to numerous short lateral branches to 13 cm long, stem pubescence with a dense mix of spreading short and longer hirsute simple hairs, short-stipitate glands and some longer flattened 2-celled stipitateglandular ones. Cauline leaves lanceolate to ovate, mostly flat or somewhat revolute on some plants, 1.5-9 6 0.5-2 cm, hirsute and with short spreading capitate glands on both surfaces, regularly to irregularly crenate-dentate, petiolate, petiole 0.5-2 cm; basal rosette prostrate, to 3 dm broad, developing early and withering before flowering, leaves 9-136 1.5-3 cm, irregularly crenate to dentate or pinnatifid, dorsal surface densely hirsute, ventral surface with short and longer hirsute pubescence especially on the midrib and veins, petiolate, petiole to 4 cm. Inflorescence of compound cymes densely arranged along the stem on the terminal part of each lateral branch, cymes 1 to 3, 1-5 cm long in flower, to 10 cm in fruit, densely pubescent with a mix of 1-to 4-celled flattened stipitate-glandular hairs and a few long hirsute and small simple hairs; flowers tubular-campanulate, violet, 4.5-5 mm, some of the lobes often pubescent; stamens and style exserted 3.5-5 mm; style bifid 2/3 its length, pubescent to the forks; filaments violet, anthers bronze; calyx lobes narrowly oblanceolate-spatulate or elliptic, shorter than the flowers, densely stipitate-glandular and hirsute especially on the margins, ribs on the dorsal surface of sepals elevated or ribbed, 2.2-3.2 6 0.5-0.6 mm in flower, 4.5-4.8 6 1-1.7 mm in fruit, and longer than the capsule. Capsules oval, 2.5-2.7 6 2.2-2.5 mm, with short stalked glands and spreading to ascending hirsute pubescence; seeds 4, black, ovate, boat-shaped, excavated ventrally, 2.1-2.5 6 1.1-1.2 mm, the margins and ridge corrugated, the dorsal surface pitted and lightly cross-corrugated.
Etymology. Phacelia higginsii is named in honor of Larry C. Higgins, who has made a significant contribution to the Arizona Strip flora and assisted in collection of the type collections.
Relationships. Phacelia higginsii is similar to P. palmeri in general habit but is less viscid and mephitic, is sometimes perennial in habit (vs. always biennial in P. palmeri), is more densely leafy on the main stem, has shorter and narrower sepals (2.2-3.2 6 0.5-0.6 mm vs. 4-5 6 1-1.8 mm), has tubular-campanulate corollas (vs. tubular corollas), and has smaller seeds (2.1-2.5 6 1-1.2 mm vs. ca. 2.5 6 1.5 mm). Distribution, habitat, and phenology. Phacelia higginsii occupies habitat below the Uinkaret and Shivwits Plateau in and between the Whitmore, Parashant, and Andrus Canyon drainages west of Mount Trumbull, in Mohave County, Arizona. Associated plant species are more typical of the Mohave Desert. Phacelia higginsii also differs in phenology from P. palmeri, with the seeds germinating in the fall or spring, depending on available moisture, and producing a biennial rosette or a rosette from the surviving root stock of the previous year. The rosette remains green through the winter and summer, storing food reserves through these seasons and producing a flowering stem in late summer or fall, depending on the availability of moisture in any given year. Mature seeds are produced in September-October. Phacelia palmeri is a much earlier-flowering species, starting as early as mid to late March and producing mature seeds in late April-June. Biennial, 3.2 dm tall; stems 1 to several, reddish, freely branched, densely hirsutulous-hirsute, lacking capitate-glandular hairs. Leaves mostly cauline, lanceolate, 0.6-2.3 cm 6 2.2-4.3 mm, somewhat revolute but not strongly so, midvein recessed dorsally and prominently raised ventrally, finely hirsutulous, short-petiolate. Inflorescence of lateral and terminal cymes, cymes elongating to 10 cm in fruit; sepals oblanceolate-spatulate, 2.3 mm in flower, 3.5-5.6 6 1.2-1.6 mm in fruit, 1-2 mm longer than the capsule, densely hirsutulous; flowers ca. 4.5 mm, white with purple veins on the tube and lobes, tube 3.5 mm, pubescent externally, lobes ca. 1 mm; stamens and style exserted 4-5 mm, anthers violet, style pubescent to above the middle. Mature seeds 4, black, oval, 1.9-2 6 1.1-1.3 mm, short-elliptic to oval, corrugated around the edge and on one side of the ventral ridge, excavated on both sides of the ridge, pitted.
Etymology. Phacelia hughesii is named for Lee E. Hughes, ecologist for the Arizona Strip District of the Bureau of Land Management.
Relationships. Phacelia hughesii is most closely related to P. constancei but is distinguished from that species by the dense hirsutulous to hirsute nonglandular pubescence; small lanceolate leaves with a raised ventral midvein; smaller flowers, sepals, and capsules; and small, oval, more corrugated seeds. New Species of Phacelia (Hydrophyllaceae) Phaeliae integrifoliae Torrey similis, sed herba pilis nigris capitato-glandularibus dense tecta, seminibus nigris alveolatis, 3-3.4 6 1.2-2.5 mm, in faciebus ambabus cristae ventralis excavatis, crista curva integra vel in latere altero leviter corrugata, superficie dorsali non profunde alveolatoverrucata differt.
Annual or biennial, scented, (1.5)3.1-5.1 dm tall; stems densely covered with short and long, black multicellular capitate-glandular and short nonglandular hairs, leafy, solitary with 3 to 5 lateral branches above the base. Leaves basal and cauline, densely short stipitate-glandular and hirsute-setose, lower leaves oblong-lanceolate, irregularly crenate-dentate or shallowly lobed, the lower petiolate, petiole to 2.2 cm, upper leaves lanceolate, reduced upward, sessile to short-petiolate. Inflorescence of terminal secund racemes, densely capitate-glandular, setosehirsute, racemes 3 or 4 at the end of each branch, elongating to 1.5 dm in fruit; calyx 2.5-3.3 mm in flower, to 6 mm in fruit, obovate, densely capitateglandular and hirsute, divided nearly to the base, ca. twice as long as the capsule; corolla tubular, 4.2-4.7 mm, lobes short, sparsely pubescent, pale lavender, fading white in pressed specimens; stamens and style exserted 4.5-5 mm, the filaments glabrous, anthers blue, style bifid 2/3 its length, pubescent from the base to a little above the branching. Capsule 3.5-3.7 mm, oval to oblong, glandular and setose; mature seeds oblong, black, 3-3.4 6 1.2-2.5 mm, excavated on both sides of the ventral ridge, alveolate, the ridge curved, entire to faintly corrugated on one side, dorsal surface shallowly alveolate-warty.
Etymology. Phacelia pinkavae is named in honor of the first collector of the species and student of the Arizona flora, Donald J. Pinkava at Arizona State University. His specimen was observed on a visit to ASU years ago, but the exact collection information is not currently available. It was collected north of Springerville, Arizona, and identified as P. integrifolia.
Relationships. Phacelia pinkavae is similar to P. integrifolia but is distinct from this species in having the herbage densely covered with black capitate-glandular hairs and having black, oblong, alveolate seeds 3-3.4 6 1.2-2.5 mm, excavated on both sides of the ventral ridge, the ridge curved, entire to a little corrugated on one side, and the dorsal surface shallowly alveolate-warty.
Distribution, habitat, and phenology. Phacelia pinkavae flowers from late May to August. It occurs in volcanic gravels, rocky talus slopes, pumice and andesite soils, grasslands, and grass-shrub communities sometimes with pinyon-juniper. It is associated with Pinus edulis, Juniperus monosperma, Gutierrezia sarothrae, Mentzelia multiflora (Nuttall) A. Gray, M. Volume 17, Number 4 Atwood 415 2007 New Species of Phacelia (Hydrophyllaceae) 
